This study analyses the linear attenuation coefficient as an indicator for safe water, the study was carried out using various water samples from borehole, well and pond in two Local Government Areas namely, Jos North and Jos East areas of Plateau State, Nigeria.
Introduction
Linear attenuation coefficient (µ) is the fraction of incident photon per unit distance. It plays a vital role in determining researchers' problems and possible solutions of physical science, radiation dosimetry, and medical physics. X-ray attenuation yield information on the material composition such as thickness, density and water content etc. 236 Kirandeep et al. [8] . X-ray irradiation is used in many fields of study like medicine, food, preservation and measuring technique.
According to Biradar and Dongarge [5] the linear attenuation coefficient for ammonium sulfate salt by aqueous solution method using gamma energy. Linear attenuation coefficient of X-ray on different materials such as concrete, soil and even sugar solutions. This has really broadened researchers mind in developing several models for shielding materials.
Water is very important in the activities of living things, the quality of water is of great importance to man; a good water must have the following characteristics; odourless, tasteless, and colourless (Food & Agricultural Organization [6] ). To ascertain the quality and purity of water is of great importance to any scientific study, the contamination of water is as a result of disease causing microorganisms, harmful physical and chemical materials (Aremu et al. [4] , Abimbola et al. [1] , Achadu et al. [2] ). Therefore it is certain that periodic water analysis must be conducted to ascertain the quality of water. Some spectroscopic method have been used to determine the purity and quality of water through the following physical properties such as pH, temperature, turbidity, total hardness, conductivity, suspended solids, etc. the purity and quality of water cannot be ascertain by just a single method of study.
The main objective of this study is to use linear attenuation as an indicator for safe water. This is a comparative study of the various means of determining the purity of water; it determines the penetrative power of X-ray in water. The water samples were collected from different sources in Jos East and Jos North Local Government Area of Plateau State. The water samples from their different sources were analyzed for their psycho-chemical, heavy metals and linear attenuation in other to identify potential contaminant.
Study Area
The two study areas, Jos North and Jos South are located in Plateau State. The Lies on the coordinates area bounded between longitude 8º31'E to 8º59'E and latitude 9º34'N to 9º55'N. The vegetation of the study area is that of savannah zone and has two climate seasons wet (April-October) and the dry season (November-March). A major part of the Jos Plateau is underlain by non-orogenic granites of the Mesozioc Era generally known as the younger granites. From Hubbell's rule [7] , the mass attenuation coefficient of gamma rays in water is assumed to depend upon the sum of the cross section presented by all the atoms. It is represented as
Using the data the experimental linear attenuation coefficient of the water sample ( exp µ )
is obtained from, 
Attenuation for water is obtained from Hubbell table by multiplying its density we get theoretical th µ for water. The graph of µ exp (cm −1 ) versus turbidity, total hardness, pH and density was plotted at 70kVp X-ray. The th µ of the water sample used from Hubbell's rule was 1.061E-01.
Sampling and Analysis
Fifteen samples of water (five wells, five boreholes and five ponds) each from the study area were collected in January 2018. This period was chosen because it represents the peak of the dry season. Prior to the sampling all bottles were cleaned and properly rinsed with H 2 SO 4 to disinfect the container and then rinsed with water sample of that source to be analyzed; the collected samples were properly labeled and transported to the laboratory for analysis. Mine ponds, well and borehole samples were collected in 4 litres plastic and it was taken to the laboratory were the heavy metal concentration (ppm) was determined using atomic absorption spectrophotometer (UNICAM 929) presented in Table 1 . At every location, were the water was collected the surface radiation dose was measured at the surface and 1 meter above the surface using a Gamma Scout (W/alert version) radiation meter They samples were analyzed for turbidity, density, alkalinity test, total hardness, pH test, conductivity, and suspended solids according to standard methods described in APHA (1998). An Etrex Garmin Global position system (GPS meter) was used to obtain coordinates and locations of the sampling points. The temperature of the water samples were recorded at the site of the collection using calibrated thermometer.
Experimental Procedure for Attenuation Coefficient
The experiment was carried out at the Radiology Department of Jos University Teaching Hospital (JUTH). An electrometer was used to determine the record of the counting in the control room. It is made up of two linear collimators: one at the front of the ionization chamber and another for the X-ray source. Linear attenuation of all the water samples was determined by measuring 135ml of each water sample into Perspex designed in a square shape of dimensions of (7×7×7) cm 3 , the Perspex was used because it has similar atomic number with that of water. The water was poured in the Perspex to a depth of 3cm. The water sample was placed between two collimators each of aperture of 1.2mm at a distance of 100cm from the X-ray source, a stool was constructed of 30cm height, with two strata, the top stratum having an opening of 10×10cm, this is to allow X-ray beam penetrate the water samples and reaches the X-ray detector which is placed on the second stratum 20cm below the first, thus the X-ray detector is placed 10cm above the X-ray couch. The distance between the instadose detector and the couch is 10cm, the distance between the detector and the sample is 20cm, and the distance between the X-ray tube and the sample is 70cm. Samples were subsequently placed between the X-ray source and the detector at linear collimator geometry under open wheel (without filter). X-ray source of energies 70kVp were irradiated on each sample for 20mAs by this procedure, the intensity of the direct ( 0 I ) and the transmitted (I) flux were determined and the counting was recorded by the electrometer. Table 1 shows the heavy metal concentrations (ppm) in the water samples (well, ponds, borehole). The concentration of heavy metals vary from different source of water, it was observed that the pond sample MU11 and MU15, the concentration of lead where higher than the Environmental Protection Agency maximum concentration of 0.1mgL −1 , high concentration of lead is toxic to humans and to aquatic life, high intake of it will cause hypertension, brain damage, tiredness, irritability, anemia and behavioral changes of children. In sample MU12, MU13 and MU14 it was observed with high amount of chromium which is higher than the SON standard of 0.1mgL −1 which can lead to necrosis nephrites, death, and irritation of the gastrointestinal mucosa. There was high amount of mercury concentration in MU09, MU13, MU14, MU08, this concentration were higher than the SON standard of 0.002mgL −1 which can result in the following effect, its poisonous, mutagenic effects and it disturbs the cholesterol. It was also seen that sample MU08, MU09, MU11 and MU15 has high amount of copper which is more than the SON standard of 1.0mgL-1 which can cause damage to the aquatic fauna, phytotoxic, mucosal irritation and corrosion (Adekunle et al. [3] ). Generally, the amount of metals in the water increased in the order Pond ˃ Well ˃ Borehole. The high level of metals in pond samples is as a result of rampant dumping of wastes and mining activities done around the pond sites.
Results and Discussion
The results of the physicochemical parameters for all the water samples and their geographical coordinate were presented in Table 2 . The pH of the water samples were determined using a pH meter to determine the alkalinity/ acidity of the sample and it ranges from 5.0-6.31 for MU01-MU05, 4.35-5.67 for MU06-MU10, and 5.73-6.15 for MU11-MU15 respectively. According to Pawar et al. [9] any water that has a pH more than 9 and less than 4.5 is suitable for use. pH sample gotten were not in the range of SON standard specification, which is 6.5-8.5. The temperature which is the key factor that affects the aquatic biochemical reactions was observed from 24°C-28.2°C. The turbidity value was gotten using a turbidity meter in (NTU), it ranges from 1.06-4.46, 1.03-8.4 and 4.23-5.31 for sample MU01-MU05, MU06-MU10 and MU11-MU15 respectively. According to SON guidelines, the maximum amount of total hardness is 100mgL −1 , sample MU02, MU04, MU06, MU08, MU09, MU011 and MU015 exceeded the standard limit slated by SON. 
Discussions
From the results obtained we see a correlation between linear attenuation and turbidity, with a least square regression value R 2 of 0.677, 0.959, 0.890 for borehole, well and pond in that order. According to WHO, water is safe for consumption when the turbidity level is in the range of 0.3-5.0 NTU, we were able to deduce its corresponding linear attenuation coefficient value in the range of 0.0241cm −1 -0.4023cm −1 which can ascertain the quality of water, values above or below this range may be as a result of rock particles present in the water, cloudy nature of the water. We found a correlation value between linear attenuation coefficients and density of water with a least square regression value of 0.973, 0.454, 0.700 for borehole, well, and pond respectively, this value was as a result of the mass and volume of this water. It was also seen that a correlation between linear attenuation and total hardness of water was gotten as 0.921, 0.649, 0.648 for borehole, well and pond in that order. Therefore by the analysis made, borehole water samples collected from this location is the best for consumption compared to pond water because of their variation of linear attenuation, total hardness, turbidity and density of the various samples. It is clearly seen that by the attenuation of
